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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a semiconductor device which is provided with a field 
effect transistor equipped with a channel having high carrier mobility and little crystal defect. 
SOLUTION: In an NMOS transistor provided on an Si substrate 10, an Si layer 13n and an StGeC 
layer 1 4n are formed. A carrier accumulating layer is formed by utilizing the discontinuous 
section of a conduction band existing on the heteroHnterface between the layers 14n and 13n 
and works as a channel through which electrons transit. Since the SiGeC layer 1 4n has electron 
mobility higher than that of silicon, the operating speed of the NMOS transistor becomes faster. 
The hole transitting channel of a PMOS transistor is formed by utilizing the discontinuous 
section of a valence band produced on the interface between an SiGe layer 1 5p and an Si layer 
17p. Since the hole mobility of the Side layer 15p is higher than that of the Si layer 17p, the 
operating speed of the PMOS transistor also becomes faster. 
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S^ft££iE#f#eft£o L*4 v »10Si,. B . f G 
e, C v »i»l(DS iJliOIHrtt, tS^F^^ft 

< & 0 * 4 1 » raSfcTfrT *>ec ft s ± ^ tefMSn? £2><d 

"C, Jl(DSi 1 . x . T Ge I C v JtfCJtea^B**A6tt 

[0 0 3 9] 1**41 2CCE»3ftTL>SJ:5«C, It* 
Jgl 1*C*5C>T, ±IB^2CDS i a _,. v Ge, C ¥ 

[0 0 4 0 ] 1*3811 SCCBBSftT^SJ^K:, it* 

«©¥ittl^?t^^S«<i:t5MOS F^>^*£ 

[0041] cncc^o, ttftaaww^stiiSB^cc 

JJEW1©S i a ... ¥ Ge, C v ■ + 
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JB«H*l^3l*4C£#r#S. 
[0 04 2 ] 1 4CCiS«3ft"Cl>SJ:5Cc; Iff* 

ncfaor, ±sbsi<ds ij.,., g e, c y mic 

*J»SCOfflfiEJ:by%, 0. 0 1-0. 0 3£-f£C<!: 

[0 04 3 ] »3j8Bl 5CCfB«StirCi5J:5CC, it* 
mi lfc*(r*T, ±fE£gl<DS i,.,., Ge, C v MO 
.«7C»Offi«Etfc*, ±iBSfn<Z)S i t _,_ Y Ge, C r H 

<t±iam i cos imt&te^&Tzm&tticm&Lx 

10 fe<Ci^»*U^ 

[0 0 44] cftKij;^ «^2©fcc>«ffitt©«r>« 

[0 0 4 5 ] 1**311 6CCi3i8Snr^5ci:5tC % ft* 

mi ncfcc^r, ±ia^i<DS u.^ Ge, c v jb 
±sa» i cd s i jB©#me» j: o fc/hs i mb^f-ek 

[0 04 6 ] cn^Cj:0. SlCOSi,.,., Ge, C v 
JBCC«5loSB0^**«JPfoS/c«)CC, mi CDS \mt<D 

<d&i c c «wa»#iai±r *. 

[0 04 7 ] fflt*41 7 0CiSK3ftTlr>4J:5tc, It* 

3ii l — i 6©^ %ci-rn3&>iocc*jor. jjb^io 
yrBWucsasfta** yr**©*t vrt 

[0 04 8] 8«CB«3n-Cl>SJ:5«: % It* 

si i-i 7©^t^m*io«:*ji»r. ±ib^icd 

S iBWtC&WSiiagriCDS U.,., Ge, C v BK: 
30 Ufc««CC , ±IBJH lO+t'J TfflSJlKl* tV7 

^«*&T4/c(&cd^ + y 7ftfeJB#3 e^JBSES nr i> 

[0 04 9] ««3Si 9CciaK3tirt»5J:^«:. ft* 
«1 l«C*j^r, ±B»iac;SI2©S ix.,., Ge, 
C v H<Z)5^>i< tk^-Ttlfr— 1j<DS i i_,. v Ge 

[0 0 5 0 ] 8»*S2 06C8BKSnrCiS<fc5«:. ft* 

mi i-i 9©5%^rft#>i-3ccte*j(,>-c, ±is»i 

SC>'02(DSi 1 _,. v Ge, C ¥ JBO ^ % Ji^CCJBjsES 
40 n/cS i,.,., Ge, C v B<DO±K:^3ti/c<StSfii . 

[0 05 1 ] *»!8©»30*«i2WaBtt, ft*^2 1 

ft< l^cD^^lSh^>> ? ^^^fflx/c¥2@<*^ 
m^t, h7>vX Si l .,. ¥ 

Ge, C, KOixSl, O^y^l) Sr^tfSffKD 
, ±K* 1 i tt/t > F y ^ODS 

&4^#C<:ctO»j5S3ns»2<D^»»JB, SV±E 

so mi, mz ommftmom (DnwttSiommc&j&z ti 
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ftBS^iSmso^^HctO F*> 

if 4£«*n>& 0 

[0 05 2] cfttCfcO, ^7 L u^*fMB0fc*+y 

[0 05 3 ] S»3jBH2 2teK*t3ftT(,»4«fc9K:, fff^ 
^2 1 CCfelvC. ±ffi» 1 <^SWM4 ±E»3 <D¥*S 
<*JI 4 1 ©*»ffBltc J: 0 L , ±K» 2 

i±ia^ 4 <&m»m t *ft*osi2 <o^m 

#BMcJ:9J»i5U ±E»2©*^**±E»1©* 
[0 0 54] 11^2 3 fcE»3ftT(,»S J: IS^Jc 

m2 i «c*5^r . ±e» i <&¥mtmt±Bsm3 <D^m 
*w 4 *sc >k«*c z^mttmic o *n/& u ±e*3 
©¥*h«4±e» i ©*wtti©±3?K:»j6Kor*j 

[0055] *3m<om i o*wfl«aK)«a75rffi»3:. 

i»#52 4CCEiS3ftTl>SJ:5K:, n-***Jb«|jL 
ym&.b*7ZsVx&t s p-^ + ^;HS?iimh7> 

ftSfehCC, mi CDS ili, ±ES iii&cSf £4 4 
fctC±ESi 1<D S i »CCi£S5L/3fc««(C±En - * + * 
^MZmMkM b ?>>>XZ<D?- * :M/4ttSM 1 <D^ + 
•JTWiWrSi^^lOSix.,., Ge x C v 

s (osxsi, o< y ^i) i*»flfrs»i<oxa 

¥»ft:a«±K: % 02CDS ijf4, ±ESft2<DS i 
/f^cg-r^ii^CC, JJEJIlOSi,.,., Ge, C v 
■ ittR45;OFft7«»U ±EST2©SiJl 
CciSS L fcffittGC±f B p - + * ;Hf r MM b 

2®Si l . I . T Ge x C f 1(0^x^1, 0^y£ 
1) i*»fltr*»2©ia4 1 ±E»lRiyW20S 
i a _,_ v Ge x C v JB©5 5±2fCCffi«T*S i 
Ge x C v ■0±^«(HI«r«fl|l/A:ft. IHHWt^ 
> - - > y OT JJE n - * + * Jl/«SK»*SJ h7>^ 

*©y-HS4^^iLr. ±En-* + *Jl/«f?L 
S5MIS h ^ >^X*»jaW«fiC«/l>tt < 4 fe±E» 1 <D 

- * + * ji/ww»*ss F7>^ *jgiaiHig|(ctt4>a < 

4fe±E»2©+ir y TffWBCC*rs«3*Tpffl;F 
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Fu-r>««**n*tuBfitr.s»4oxa 
4£ttjLri>£. 

[0 05 6] C<Dl$mcJ: 0 , 11389 1 1 (OmikZ^T 

[0 0 5 7] #^<DJjl2 <D**««ai©«J6*ffitt. 
W*«2 5fCE*83*VC(,»5<fc9K:> Si,.,., Ge x 
C, 1(0^x^1, O^y^l) i^isM 1 

m±, ±s^ i o^iftiitts^^/o t ^ ^ 
^ h ^ > ^ x zxmmmc % »3<d¥3k*ji4, k«3 

©¥aJWWlJ:9 F*> y^*ft5I4© 

4 * JBag^Bsr -5 * l coxfl 4 , ±EJg 4 

->^bry-h«i**j«r«»2©jDHi, ±iay 
- h«a©w«*cctt«r *±e«»5»*s f ^>^x 
>»j«*««c5Uft < 4 t±E+ + y r mntciTss 

20 $^rwu^iAlt k y-x - F u >r >ffim%&i& 

t^30Il(!: 4 ±EV-^ • KW 6 
±E» 4 CD*^itJi , < <!: ^±ia^ 3 (D^zSftJi 

4. ±E^30*^ft:jl<DStt5b/cffi±tC{gffiR02gtf 

[0 0 5 8 ] CCD^ffiCCjrD, «Sai2 0©fllffi*Wr 

[0 0 5 9 ] m$m2 6lcE»3*vC(,>5<fc5fc:, ft* 
30 M2 5 $C*Jt>T , JiE* 1 (DXgtt, ±ESS 1 RCJ^3 
(D^^ft® 1 ©*i»#IlT«teS U , ±E» 2 

4 <D*«#:il ^SilCD^ 2 (D^ftK-rltJST S 

CO 0 6 0 ] l»«3«2 7CCE»3nrc»SJ:5CC\ 
«2 5CC*?l*r. 1 ^XSOfy (c, 1ES1RV 

»2(D*3W(W*?BJffir*XS*S6{c«*. ±E»1 

ras^, jjb* i <Dmg#m<D±j3icm 3 o^f*g 

[0 06 1 ] if^S2 8CCiEISStir^SJ:5Cc, 

40 ^2 5-2 7©5%i>-rn^i occteivt:, _hta^4o 

XSB. ±E»3©^W*«4±E»4<0*ai»J14Cc 
[0 06 2] 

(m 1 cD^ss^a§) m 1 ©ms^jscc^s hcmost 

5 i Ge/S iSCCCSraSJDOr&SS i G 
eC(D37EiSa*€:flai\ CCD S i G e Ci 4 S i g 4 

^y*x^;U^(DHS 
50 ^6^-f-a»ffl(C^> K^Fj*»a5*?gflErs«»iasi b 
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[0 0 6 3 ] Hltt, »lOH*SJgjB«:^SHCM0S 

cc, i/^vlf i o±tc«, nmos h?y>>xzt 

PMOS h7>^^t«^3ntl^^ N 

MOS h9>^*©flfift36>6ttWJ"4. 
[0 064] NMO Sh7 ^OCfcC^r % S i 

10±6Cttp-?*;H 1 (*»KpSS/'j3>i) im 

iI13ni, SiGeCI14n (COfflfl^til 
%, Ge©iBi»«8. 2%) t&mXBf&ZtiXl** 
S. aaSTSJ:5CC, COS i GeCJBl 4nfc*JWS 
*7aR©*JSEtt«. SiGeCB14n i^cDitTOS 

ill 3n<t7m^g^£ffi£&oTC>£. 

[0065] C©SiGeC114niSiI13n<b 

b~*7-Zv biBAEc 4Wt4e«wEc©/0 F^S 

rr^am^2^7c^^ (2deg) iutHi; 
cj&syt«>a>*+ , ;TBaJB*sj^fiJE3ns. -eor, c 

(DS i G e Ci 1 4 nffil©#?ffitt£KJISJffi3 ti/c* + 'J 

GeClUn ftr tt, S i ■rt«:Jt'*T«^»ttft 
CONMOS h^>^^*©«bffi8K*>^:* 

[0 0 6 6 ] 3 CCDS i G e CM 1 4 nCD±Kl, 

SiGeI15n (Ge«$tt3 0%, S i CD,1fi/& 
?«7 0%) Sill 7n ttfiltffiJ&flLStl* 3 6 

njWEflE3*VCl>S. C©^- hlfii»JS 1 9 nCDTKU* 
S i )■ 1 7 ntfj^OTl>£ft:«><C> S i S 1 7 nCDil 

S»CCjgJ58-raci*J"C**. y-F*ftllWl 9n<D± 

ecu, y-nii8n^M?n, coy-hst i 

8 nOMWJtcfiiSfSSeWc^y-^ • Fl/-f>il 
6n«$ntl^ fl SiGeClMnfimS 
flK^^fftt. h^S 1 8 nlcEPftlSftSWEteJ: 
oT3»£n£ 0 ttfc. y-x- Kiw>JiiBnte. 

4<ifc. SiGeClHnfcM^n^^t^Jl/i 

[0 06 7]-^, PMOSh7>^^«, eLhT» 
Wl/cNMOS h7>^^<hK(SEID«flc*WLrCi 
4. SilSl01^n-)xiH2 (WiffiKnSIS i 

«scc K-f>ysnfc^ f-^i*wtss ni3 

pi. SiGeCI14p (Ge<Dffi^te8. 2%. 
CCDS i GeCJIl 4 p<D_BC, S i Gel 1 5 p (G 
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e«$«3 0%, S i©fij£*»7 0 9O Si 

ii 7 p t^JB^jaEsnri^a. pmosf7>^ 
%<Dm-£te. * + »;T*siEaitt**i, c©iE?L#ifch, 

S* + *Jl/«S iGeJ115p<tSiJil7 pi(DM 
OS i G e® 1 5 pfflltcJBJiESftS, C©S iGell 
5 p t S i M 1 7 p iCD^T-n^acc, ^> F 

U c©^aBK»cc*^yr*a»*s»j5S3ti*. Lfc 

S i G ell 5 p mVfmttCfcf&Stitc** U 
io 7»8W^**^*iE7L*jeffr**t, SiGe/115 

CCDPMOS h-7>^^<Dttftitfife^c#< 
[0 06 8 ] PMOS h^>^*£CC:fci,>T, S igl 

9p^M5nro^ e y-hlfil 8p©MWKc«y 
-X ■ K Is J I'M 1 6 pay&JffiStl, SiGeil5p 
CCfctf SIEJUD^t tt^- 1 8 p *CE[Jfin£tl£^ 

[006 9] J/c, NMO S h7 >> ? X £ £ PMOS h 

htfeC, CCD h U>^St2 OKcfcoT, NMOS b 
7>^^tPMOSh7>^^i^ SC^(C««W 

[0 07 0] tefc, SSill3n, 13p, SSiG 
eC114p, 14n, SSiGeI15n, 1 5p ( 
§SiI17n, 1 7 p». fe B %fl5fiCCj:0^n^nEI 

[007 1 ] -&S i Jgl 3 n, 1 3 p OMMtm^t 
0. eMmigr^^ 0 — 1 MmCD©ffi&C£>£C<b:^ 
5?^ L/l^o X^-1f-B<DJl#W:FJx.«3 0 nmlgf 
£>9, O-5Onm0WC$)^CiW^L^o &S 
i GeCI 1 4 p. 1 4n<DBMX3~~5 0 nmt^ 
CiW^l^o SSiGell5n, 15pO)»tt 
BnmHar*^ 3-5 nmOKIfCftSCi 
IA> 0 §S i Jl 1 7 n. 1 7 p<DJ»#tel nnriSKr* 
0 . 0. 5~5 nm©JBHK&5C<h#*?S0l>. 
40 httWR 1 9 n . 1 9 p <D«#te, ffa^5 n m^Sgr 

[0 0 7 2 ] S/c. y- hm@l 8 n, 1 8 pO^- h 
g&£0. 2 5 Mm, y-hifS«2. 5 Mm. y-X • F 
U-f >««<Z)*Itel . 2MmfISr*0, y-X-FU 
^>«82 In, 2 1 p©3>^^ hffiatJ, 0. 5 m 
mxo. §^sJH3n, 1 3 p O 

F-fcf>yaffittl x l 0 17 - 1 x l 0 18 cnr 3 fIK-C 
^ K-7l©F-b*>^a@tt, 1X10 18 -1 
x 1 0 ,o cm- 3 IUSr^^) e 
50 [0 0 7 3 ] ^mifeBmtClotf SHCMOSfA^X 
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(HeterostructureCMOSr^V*) (D'&MZ, S i 
GeC|»tl^*t'ifcS 0 COOS i GeC/tte v 
Si, Ge, C<D&* OMf&tkCDm&lCJ: 0 , F^ 

ci#r#£ 0 ccr\ ^mtiH&t&tctowzs i , G 

[0 074]B2(t WmtCC .COfflfltH: 
(%) v 8ftt(CGe©fflJ3U£ (%) £io?ci£frc, S 
iGeCIiSili©«WS^f(%) (5X7^ 
h) *J*{fcT*»?-**orc^s. v^^ ^ ^ K* 5 ^ 
PCO^^>«, SiGeCiiSilt©^W 

uc»cit«r. Ge (^--ja) «eatD«me 

»«S i #»ft<D*m@R<fc 0 < , C 
» «eB©»^»«. S i *»S©»^-S»J: 0 
'J>>3t,><DT\ GeiC©ttjaat*PEKTSCir, Si 
G e CM 1 4 n Sill 3nOft?)@Si 

[0 0 7 5 113^ Si, Ge, C CD 3 7cigCDfflfi£J± 

cc»rs»T«^i©Hff«:^r«Fttiar*5 g pis© 
sooafitt, -en^ns i, Ge, c 1 o 

0% (H/&Jt#l) (D&rCfoQ, S i GeCHCD37cii 

EIH*Olli»«. SiGeCiiS iJIicDtST^F^ 

<D^fr*^-r. G e (Dfe^-jmiZ S i (D&T-mWtJ: K> i> 
4 . 2 t < . C<Dtt*JE»tt S i ©tt^JBBtJ: 0 
3 4. 3%'hS(,><DT\ GeCDffl^Stt^CO^StbctO 
4>8. 2{gAt <ncit, SiGeCl©}S^S 

[ 0 0 7 6 ] Xmffl&mcteVZ SiGeCIUntC 
tel>Tte:, G e 0D4ftJ&*# 8 . 2% (x= 0. 0 8 2) 

c©ftflE^*n-.% (y = 0. oi)r£)£c<b 

i Ge'Cl 1 4n<bT7^C0S i 11 3 nittHCfi^S 

[0 0 77] 3CCC % ^4te, »**tCC<Dfflj&Sifc£i*K 
fifWlCCx^^-u^uSriofciarfC, SiGeCl 

AEc, ^6TOf If-^O Kt7t ^ hlAE v 

iBKiiD, ffimT-^c»ur«s i comm^ 
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[0 07 8] H4fc5rrJ:5K:, *SUBK«OS iGe 
CI (COfflflEJt^O. 0 1) MS igf B 1CD^ffitCfe 

ftl-en3 0 0meV 4 OmeVt^O, S iGeCi 

i s i m<Dfmwzmm=?&icteJ*y F^&mm&te 

;fc£o 2|s^Kfijgj8CDS iGeCIl 4nfc*j^5 

COifflfiSJ:k«0. 0ir*S(Dr, SiGeClHn 
iSiinnitt^^tV^ L^ot, 2 
10 y^«^^^f-rS^ + *^*^J5EStl*S iGe 
CM 1 4nfi(cM^ t T^COS i M 1 3 n i<DtS^ 
^KeH^4«ffi*CD^I6©iaflfeS:|»j|:r * i . 
[0 07 9] ~77, ^BSSJB«8(CteW-SS iGeCIl 
4 n t S i if 1 3 n ffflCDIfHJCfcWSflW^^tty^O 
F^ilKffi#&t>fc«> v SiGeCIUn F*3CClEfL£ 

t5PMOSh7>.^^0«^tt % SiGeI15p 
iSiil7p(!:©^fag^|iliri^ 0 SiG 
em B H©^M«S i $8S©tt?S»iD 
20 <, Lfri>* S i GeJHl 5p«S ill 3 piftfi 
^OtC^S S i G e Cl 1 4 p OlfCffiBt E 

fflM^tci F«Jl©SEfbcc J: 0 «fI^T*(D;o 

^ 6 ©«!WP»nB$K: / < > F «*4*c J: 0 2 ^tcWK 
HDiM>6*i (2DHG) T. * + »; TSSSi &S. 
l/c^t, S i Gell 5 prt<E>^* y TBSJIjWE 

[0 08 0 ] «±©<£ 5CC % «aBB«BO«J6CC <fc5 
i, NMOS h^>^X*K:tet,>TW:, SiGeCIl 
30 4 nfCtett5&73RS i . Ge. C©ffi«Ri:b<Z)iHllK:«t 

»TS<Dk:4^ttffltc«Bf 0tt3^e>. S i GeCiiS 

i g e cmnictev & 2dttm>Trt7s<Dm^* * 

^/c v SiGeC114niSiil3nr H Wl(Cfc 
VZm^&ttCtZJ^O F*mm&&tj:\,>tc#> x S iGe 
CB1 4 nrtCCjE?L*H03i*SCi ^r^ttl^, S 
40 iGell 5piS ill 7p iO^f ng^fijffit 
SC<fC, E?L^+ 1 'J 7 i I tffl t ^ P MO S h 7 

[0 0 8 1 ] fit, 3lK<Z>*£t>NMOS h^>^X 
^i, Si Ge^fflC^rffi^WO^^F^ajKSUSJB 
^Ltlg©^^PMOS h ^>>>*£ 

[0 08 2] ft*>\ *Hffi^®-C«, Ge ©jffljffi^S: 
50 8. 2%, C©Mf4l%ilfc^ H4s^64S7-B 
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HD3i^6tlfc2^7um^X (2D EG) tt, 
£0. 0 1-0. 0 3©fiHCCSBKT5C£##*l, 

AEv (=-0. 2 0. 6X.V) S:f#4Ci*ir# 

[0 0 8 3] &*5. #ISSfc7&«r«:, SiGellBp 
Oct G e 3 0 % i O/c^, ^>F*:7-fe 

[0 084]$t HCMOSf^VX^SilfiJitC 

CCliC©HCMOSf^M^^m\ ^tlfcWU*, ii 20 
^©S i#-H^*wrSi3^««Jb«:«BSLteCMO 
SfA^x^gltaK C©J:5*c«J5!fr act" 
"C, S i IStClgffiit ^MO S^l^S h 7>t; 

l»fcfv<-f*£ Lr«, 0— StOi&Cp, nMCD h ^> 

mZ-ttnM) <DS i GeCiffl^/hMOS h^>i?X 30 

fi#«UI«:ff^a»*S i#-ffl«4»^cCMOSf 

[0 0 8 5] ^CC, WlOjStt^JBtDHCMOSf^-f 
^©Ka^icoc^r, B5 (a)-(f) £#ffS0£c 
#6 SETTS. 05 (a)-(f)W. HltCmTHC 

[0 0 8 6] *r, 05 (a) te^TXfir, S iSfi 
10{Cp-)x;H 1, n-)*;H2*^*>SEAfCJ:0 40 

[0 0 8 7] 05 (b) K^TXirc, 

11. 1 2±CC. UHV-CVDft*C<fc!P K~:7TB* 
tt?Si!13i 4 SiGeClH (Ge : 8. 2 
C: 1%) 4. SiGell5i, S i Jll 7i% 

[0 0 8 8 ] 05(c) &C^TXHT\ PMOS 

h^>iP**, NMOS h^>^**£*««WCC#« 50 
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rSfc&tc. H/>*«««©»*»SfcUtefft 1 COS! 

C^SteiS. S1113, SiGeClH, 
SiGellS, S iJll 7*s. S^NMOS 
X£ffliJ<DS i JB 1 3 n. S iGeC114n, SiGe 
115n, SiilTni, PMO S b 5 >V>Z #WJ<D 
SiB13p. SiGeCIHp, SiGeJI15 
p. S i 81 7 pifC»HtStiS. S6tC t Sill7 
n. 1 7 p©ai4Wtiry- hfttll 9n, 19 

[0 0 8 9 ] rXtc. a5(d) tc^-rx^r. mu<D± 

^l/TNMOS h7>^X^MPMOS F^>i?X* 
W-MHIBlQn, 19p©±(cy-h«Sl8 

n, i 8 p & j £ti?ti&f&-rz a toym. tmm 

18n, 18p4vx^ilt, NMOSF7>^X^ 

imat, uw*> (p+ ) cd&acc^o, v-*- f 

^>i«16neMl, PMOS F^>S?X£fJfc: 
*nW:*> (B+ ) <D£A0tJ:D, V-X • Fix 

^>««i6ps*n?nMts. nmosf7>^ 
siGecu 4nrt©* + yrsaitJ:o tai^n« 

«fc<* PMOSh7>^$©V-^- Kl/-f>«8l 
6pCD$i2ki\ ^tc< 4fcS i Ge»l 5 pJ*3©*+U 
rSai»«fc*3feai^ntfJ:C^ Chtt, SiGeCIl 
4n, S i Geil SpfiOSttyrfSIKc^t* 

[00 9 0] #CK, 05 (e) K^TIIt, Hft 
MtMl9n. 19p05%V-X - Kl/-f>««16 
n, 1 6 p©±*©aJ»CcBBP«:JgJSSL, 0 5 ( f ) (c 
STISr, ^-h«*Bl9n, 19pOB!P«:y- 
X- KU>f>SS2 1n, 2 1 p^n^nMT^o 

[0 0 9 1 ] cnklctO. SiIfilOO±(C-N.MOS 

[0 09 2] C©<t 5 CC. ^USJBlBOSSfi^ffiCCct -5 
4, NMOSF7>^X^, PMOS h7>^X3?rg 

KNMOS h7>^^^, PMOS h^>^X^-CSil 

[0 09 3] (»2(OlUBB«) ±»©» 1 (Z^lttJPJB 
rit S i Ge CJB*2^y :3>&ct§T^$i±/c4><7>€ 

i^BttO^ifcCD&C^iSHr. S i GeCJfCC^ 
SWKJ^SrzSAU C^M^J:^;^ KigO^t 

{C^HCMOSf^V^oagtt S*WtC«. SI 
CC^T^l OHJg^SltC^SPMOS F 5 N 
MOS lo® F5>^X*rtCCS|3KL/c 
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[0094JB6 (a)-(c) (t *tl*tiS iGe 

mt t cwm&2i*tcm& cs&ttD % rvs i Gee 

fti^Tir*^. IQH (a) fcsr5\fc9«:* S i G 
e C»©«m©»* S i »<D«me«J: 0 fcAi* < "T & 
iS i GeC»6CWBE«BI^*D^ SiGeCJftCfc 
WS^»»©T»-tB«^«0±4ttB0^^> F*> 9 7* 
ffi#Jfcrt:TS. — *\ RH (c) CC7nT<fc5K\ S i G 

e c»©«me«* s i »<D*me» j: o t/hs < r & 

iS i GeCJ16C5i?|^3ROS*^D, SiGeCjfK: 

^ar/h-rs. -r&*>^ s i Gecioi^ciOA- 
-r^cir. s i g e cmtc&tm-? h S i B^CDB©;* 

[0 09 5] C Ct, S i G e C JlO^S&fc S i J! 
©«^5E»^6r6*fc»^rfe. SiGeCiO** 

tt©(ST*«ttCC|»±-r s £ £#T?* s. 
[0096107(a). ( b ) tt, #£QfcJBS8lC«-5 

h 3>y* »o^^>i/flWiK:*ifcr.«^> f.« 

JfiHR«y f WrDSH^*S...S i S&QJbjeS 
flcfiStt/cfk ■COjflfiat*** < --LteS ivG^CBvl 
4n (Ge*10%, C£4%> *jgSfiS#SC:iKi-J:i 
0. SiGeCil 4 nfCteW.iyt^F^ ^fif^ 

* < , t»J0*tt/hS.< t & J: 5 «gK£f $ Ci^tt; 
S B *0r. S i GeCIl 4 n ©ff^ftH^BHD^S 
C6TCcS*3&s«8lsn*SfiK:^S< Lr*5< Cite 
<fc«3, S i GeCl 1 4nB5loSB02***»*. 0 
/d^t, C©Mi:L?:*.t < T SC iOC<fc £^*> F=f 

* v 7*m<DmA$))%:lClNZ- r % S i G eCH,14n©?| 
oSB0S#tG <£ t) , SiGe CI 1 4: n#>6 S ill 3 
n<DWMfcteVZGM&<D'*> F^^-fe^ HB#A*< 
«c 9 , 2 ^tcS^-*/* ( 2 D E G ) D |«J 

[0 09 7] 3 S i GeCJBl 4n«*S^»«IL 

rc>ttl>©-C, ±iO^SS}JS i JB 1 3n<D*§^ 
ftfCHS0ri»5„ Uc^ot, SiGeCIHn© 
Jb&CS i Gell 5 pM^^t^i, SiGell5 
P©8^WS ill 3 n©»^5£»J: 0 t>*»l>fc 
KSiGell5 pfcBBE*3**3#S. 

[0 0 9 8 ] Wdm, ^tt^flKCffi&^M^S 
CC<J:£i k S i GeCBl 4ntC§|r>5SD^, SiG 
e B 1 5 p 60EffiS#£»A^5 C icc«fc 0 , SiGe 
CB14niSiJ113n i<&#ffiCCtett5£»#r<D 
^>F^t^Mi^<, S/t-S i GeJBl 5 pi 
S i Bl 7 p i<Z)^®«:fe^^li«^'CCD^*> F*? 
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S F^>^X*iUt:iS6ffl-rS»^tC«S iGeCIl 

4ntc^sne^+*;u4*tjffl-rs— ys. pmosf 

tLX&m?&m^CteS i Gell 5p£ 
ftt>y-* • F W>««*«L&#6. ^ + ^^{48 
[0 09 9] *JB©«**aUEK:K3erSCi 

[0100] a*. ±aoB4<o«tR« % #memtc 

to^SS iGeClUnfCO. 2 5%<D?| oSROffi* 
^t>S<fc^&iffl^^Lrt^ 0 — ttfc, S i GeC 
BCC*5^5Ge<D^J:b^CCr)ffi^l:h©8. 2fiFOi* 
CCS ijitCtt^-S^r^O-rftS^e. G e CDffij£J;b£ 
CCDffi£itCD8. 2{»<fc9fe/J>S<-r5CirS i Ge 
C»14nCC5lo5R9S**»AT*Ci#r&*. * 
fc, COftflctkSyiOfci*. Ge©ffl^8. 2y 
-0. 12£Lfcflte> SiGeC114n©^S 
20 ^S i B 1 3n<D&*m8L£*) 0. 2 5%/J\$<T^C 
i^r#€, 0 

[o i o i ] 04tc^T<fc5«:, timfr&vm&tmc 

< , SiGe CB 14niSill3 n(D^ir«, ffi 
^F3**fcWJBJ« S ti £ C i £ o C 2 % K 

iC3i^i[^lD T'& 0 , C CDfi^i G e (OmSJ^t <D 

30 fct % SiGe C® 1 4n^&^61-^KC(Diffi$ 

iGe (omsmommomf^h^x s g&icm&mcn 

ZCtWV&ZCt&mmL. S i GeCJBCMSSJSSS 
[0102] C Cttt, SiGe COtS^-SS:* S i J: 

[0103] (*3©ia6»«> ^eca^fcsrioiui 
m^mh^>> > x^cD^i'^;^I^ics i 
GeCMS i»CC»TK^3ttte^^aaiJg4^jS 
^a|?ffiCCfe^S^>F^ifittS|J«c«dF-feO<« 

[0104] *3B»JBJR-CW. ^fJ T«:HDiia&S« 
K^f-DSIt«fcC< Si/Si GeC/S i *>U< 
50 tt, Si/SiGe/Si ^gtl^Fiil^M 
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U BSfC»3$n51¥#^ : S i'GeC . % S i. 
Ge) *^+*;u<hurffirf'rr£ F^>^***HW 

[0105]H8tt, 2|c|Bft^JB(C«5HCMOSf r ^ 
^X(D»fHS"C^>€, e SiSSSOiCC, NMOSh7 

0±tCp^^;U3 lMn^x;b3 2*H»r^S* 
£, ^©±^V^7c^ifT*SW: F-t:>ySh/c^ F 
-7'l*Wt^l©Sii3 3n, 3 3p4SWW 10 
S 01 CO»I^^i 1 iC^THCMO 
Sfv^^OftJgiPICT**. fc/a, CCD01CDS 
iI33n, 3 3piOPMOSf>7>^^, NMO 

[0106] NMOS h^>^X^CC^oCir«. HI CD 
Sii33 nO_WC 01 OS i S3 3 nfc:^g- : P^'r 
£ffiJ^££?^r& S i GeCI3 4n*SM3htfc0, 
£6&CS i GeCJ13 4nCD_h&C02cDS iM35n# 
WlSht^S. #g|israjBrctt fc Sl<DSil33n 20 
-S i GeCJ13 4n-02<7)S i »3 5 n CCMSfiiW 
Wecte^r* 2o(D^>F^iMWCcJ:oT**ftS« 
^Ffc* (SiGeC134n) ^SSTSOr. C 
©m^#FM*§)cr$>£S i GeCJ!3 4 nCC^* 'J7T 
*S2#SE«?-;tfX (2D EG) £KDC&£/ctf>©* 
^yrBfiJBWJBJsESnS (H8C!X&*0^>FBI# 
M) . "Ttetofe, NMOS F^>^^©ttf?B$tc»S 

i GeCI3 4nCC***;U#^J5)c3*l*. ft4b\ 02 
CDS i!3 5 nCD_b&C, JHJ?<D/h£ftS i Ge§3 6 n 
03CDS i B3 7 ni3&s«*«jat3*ir^S. 30 

[0107] C <fc 0 . ±120 1 ©HSfi^fiSil^ 

acc. s i mttcit^rn^cD&miKCD^^s i Gee 

»^Ig©^t^NMOS h7>^^^^6 
tfOx.r, fl:^#FJI£ft&S iGeCI34n© 
■W^/hS t>/cfi?>, * * y 7©ffl Di&aWHf^J&UiBB* 1 

JWttO^tCc^HT*** U7CDifcSLft£<D*i> VTi 

ft a WFo^ttfiteSMfc § i±ass€TOir * a . 40 

[0108] PMOS bzr>i?X2l<C*Sl,>X$>. 0 1 CD 
S iJ13 3pCD±&C, 01 CDS ii3 3p(C^I^t 
-&ffl^«:W-r-5S i GeCJ13 4p<b, 02 CDS iH 3 
5pi, J^JPCD/h£t>S iGei36pi, 03 CDS i 
13 7 p 4^JB^^Sn"rc^*«±fBNMOS 
>^X*<Dt»g<t|g /c/cl, PMOSh7> 

^**<D»^« t 02 CDS iI35p-S i GeJI3 6 
P-03CDS i«3 7 piCM£ffi«^wCC:fcl>-C, 2 o 
GVO F^i*RWr#Stt*a^#F«« (SiGel 
3 6 p ) l > c cdbt-#FSP^c * t'J7r»4 50 
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IE?L£ 2 ^tcWICKI 0 C&>Z>tc£>(D*r + V 799UltfiJ& 

j&ztiZo Tft*>%* pmos b^yttxzcomftmc 

SiGet3 6pWtWMSnS. SiG 
elf 36 p 4>S iJlCCj:b^riE?L<D«ttfl[^#(,^- 
CCDPMOS h^>^^^(D»^iSKfeA*<ft 

[0109] S6>tt, NMOS F7>^**, PMOS 

*6ft*<y~hi»»R3 9n i 3 9 p*s»j«3ti. 
h$6MM3 9n, 3 9p(D±CCtty-F«i3 8n 1 3 
8 pj&SMSWI^, -y- H^@3 8 n, 3 8p©i 
ffiiJ&tteV-X- FW>B4 2n, 4 2pj&W3n, 
V-X • FW>««4 2n, 4 2pCD±^C«V-^' 
FU-f>«S4 1n, 4 1p^3>^^H / r^5. ft 
*$. L^SETfeftt^. NMOSh7>^$, PMO 
S h^>^X£tC:fcl>"C l^*F«ttrftSS iGe 
C134n, SiGel3 6p(C^^, lETLCDjt 
tf«y-F«SI3 8n. 3 8 9<tCWm2ti2>mj£t<C<}:t) 

[0 110]*fc, NMOSh7>^^iPMOSh 

U>^#(St4 OCCjCoT. NMOSh7>^3?, PM 

[0111 ]'«BtJ|5JB©HCMOSf r ^-/^K:«tS 

*l©HSfiJBJS<bEiatC, NMOSh7>yx^iC 
*$t,>Tte/ S i JBCCtt^FK^r S i <b fcfc«^#F«« 
<hft£S i GeCi3 4n«$nxfe^ CCDS i 
GeCI34n CC*^#^trf * 
ZtlZ a */c. PMOSh7>^X^m^^>, fiT- 
^FSJjiiftiS i GeI3 6 p^MSnrfc?), C 
CDS i GeJ13 6 ptCiE?L^tfT4fci6<0^^*;l/*« 

os h7>^x^iPMos b5>v>x$t&mmTZ 

CiCCcfcO, SttlgftHCMOSSrlllTSCi^ri? 

[0 112] /c/cl, **Sfeff^^fe^r, JR^CDXfcT 
- F^ScSn^EIBCCCOHCMOS^A-r^Srffl 
K ^ntl^<DHSSCCtt, M^CDS i »S±iCJKfiEU/c 
CMOSf^x^gt^J:^cUti)j:<, Sil 

is_t tcajg^js Ucmos gtmffitom h 5 > # <t © 

[0113] ft*?, ^-ri/fe, NMOS F5>^*£& 

otmos b^zsvxzor+^frmtt&wttwm 
*<hftoriift<rfcj:i^ 

[0 114] ;Wt. 03CDHSSJgSgCC^SHCMOSx 
^XCDSJ^S^Co^T, B9 (a) - (f) 
l/ft3W6tt?Br*. i9 (a)-(f)(J, H8CC^-T 
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— ffl WiWm -efoho 

[0115] if, »Jfiie©«K*»l»TS<!:, S i 
GeCJf34, m2<OS i«3 5&<>*S i GeJ13 6£ 
J&fiSifSigK:. S iGeCI34MS iGei36 
if#F*IiftSJ:5K: 1 0 nm«T, tt 
xtt3nmiUtl^. *©ffi©SB»tt, H5 (a) ^ 

( f ) cc^-rxgii«agDxar«?«sti*. 

[0116] *-J\ 09 (a) fC7Kl"IIt\ S iSi 
30{Cp->x;l/3 1, n-)x;l/3 24-/*>ftAfCJ:0 
JfcfiETS. io 

[0117] 09 (b) (cStll-C, p^?x 

;l/3 1, n SxJl/3 2±CC, UHV-CVDffiCCcfcO 5 
CDS i®3 3 <b, SiGeCJ!3 4 

(Ge:36%, C : 4%) t . 312 CDS i S3 5 £ , 
SiGel36i, »3©S i »3 7 i*JB^SS# 

[0118] :XCC, 09(c) KSVrX&C* PMOS 
h-5>^X£, NMOS h-7>^^^i*««ffjtc»«t 

C<D$mbCJ:D, Sl©Sil33, SiGeC13 
4, fH2CDSiJ135. SiGel36 k Jf£3<DSiJf 
3 IJSU&f- bffimms 9f>K S^NMOSh7>^ 
^«©*10S i!33n, SiGeCI34n ( Jfl2 
OSiI35n, S i Gei3 6 n, m3<DS i J13 7 
ni, PMOSh7>^»Il(DS iI3.3p, 
S i GeCi34p, JH2CDS i!35p, SiGei 
3 6 p, Jg3<DS iJM3 7p£fc#g£i*ft£ 0 *<D« k 
JfT3CDS i J13 7 n, 3 7 pCD^K^Mtbr, h 
f&1fM3 9n. 3 9p«TS. 30 

[0119] c<d^ H9 (d) ccs-rxsr, v 

IS3 8A, 3 8p%MUc^ NMOSh7>^ 

£f,WUi, i/w*> (p+ ) o^A^o, y-x • 

FU-f >4B«4 2n«U PMOS h^>^X£{HiJ 
CCte. **nW:*> <B+ ) ©i£Afc:J:*K V-X- F 
H'>®feJ(4 2p^Mt^ Q NMOSh^>^X£(D 
y-X ■ FW>««4 2 n<DmSl*&%:< ±i>S i G 
eC«3 4nJ:9fe^Wft«<J:< k PMOSh7>^ 
^©V-X • FU-f>»«4 2 p©gE3». &t£<£t> 
S i Ge»3 6 p J:0fcggttft«J:t,>. Cftte. SiG 40 
eC134n, S i GeJ136 p F^C * ^ fci&ffcfSL § 

[0120] COM, 19 (e) {C^tlgr, y-X 

139n, 3 9pCcBBD4J|5^L, 09 (f ) CC^-TX 
ST. ^CD^PtC, y-X • FU^>Ig4 1n, 4 1 
P^ftiftiMt^o 

[0121] «±G>XH«:J:0. »3<£|gfl^tt{cft& 
HC MO S f^W^CD^SH-TS, 50 
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[0122] ^mmm<Dwmxmt& si, nmos 

F*iOSiGeC134nil, PMOSF7>^ 

^z^ram^zmm Ltcm^^mm^ s 

i G.eJ13 6 p it^HCMOS^VX^glicM 

Sh7>^^ ( pmos h7>^^rsiicff^c 

[0 12 3] <»4©|BS©0«) HlOtt, *4©I6 

[0 1 2 4] !H0&c^§ft£J:Mc, SiJia^&SS 
*;U5 1 CD_Bc«: 4 S iGeM' 7 77i52i, S F — 
y*Jt53£, X^—FHB54<h, n-f t*;H6 7 
<h v i-Sii55i, i - S ii. s Ge x Mb 6 

-eur, f«3»R5 8<D±«:y- f«S6 5 3&5 

JBfiKSn, i-Si,., Ge.'iSeo^^y-hSS 

a>£^ FWI6 1 iA 1 y-X • F 3 <fc 

*5C>T, S i Ge^y 7tJ15 2<D— 35, ^ F-^I5 
3, ^-t-t5 4, n-ftWI6 7, i~Si 
■ 55, i -S i a _„ G.e, 15 6S»i - Sil57 
CCM6««CC, y-x • Ku-{>I«59*iM3nt 
hH®6 5 tA 1 • FU-f> 

«fi[6 3<h©lffl«. ^lilg©*6^M6 6CCj:ora^ 

[0125] CCT\ JJB*fi%Sh^>^;*#<D&«5 

[0 1 2 6] ST, SiGeA'^7 7 I5 2rt(Cfci^ 
Ge ±*CCfpj3&>^tCU/c^oTA#<^-3 
tt^. C©SiGe^-;7T|52IJ, SiGegfi 
t»^WS# SOCc-^ttWir^afT S C i cc J: 
0, S i <t0fe^*<c«HP3E»«:*Lr*j0. *©±«: 

iiiSi Gef^fnl^MUfc^ fffiHT 
«CC^||©^#l^#&^aiRS8^31ft-2>^, G»m 
CC«^attSPtt« <t ^ £«fttt i > fc# . 2 Xj&trf-tix 
~m 0 C #>T n - ^ + *)\s%&f8 t '?2> C t «Bitrab 

[0127] CCC, SiGe^97rl5 2*"C©G 

ttSt^JBCitcaBKitc^fcl/ri^. Sit 
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WSW^^^S i 0 . 7 Ge 0 . 3 <t|5j— 

4/h3<T5fc*r*S B fcfc. SiGe^-;7rl5 
2 <D£f*©Kff 1 a mUKf&ST * £ . 

[0128] COSi Ge^^ 7 152±CT«M 
ttJ^^Cl^Sio.r Ge 0 . 3 *>6&&X'-<-lJ-:~/i5 4 £ 
IB^T&p C<!>X^-U--Ji5 4 ±t<D±0)S i 15 5 

*BJDii«>Sn -* + *Jl/6 7 it^o 
[0 129] 5 F-yi5 3tt, n-^t^;l/6 7(C^ 

5 3±QX^— *-J15 4lt **ffl»*F-:/Uft(,>S 
i 0 .7 Ge 0J *>€>fl»SEStl k -n + *^6 7 * 

5 4<D«t«tt, l»^a<Sf-f*>{bLfc^W»CCj:a*^ 

[0130] i-Si,., Ge, Ji56<hi-SiJf5 
7«. ^ra ^MCc ffig^?gCC fx.^Bf& L v v-?v 

*^6 8*jgj5R-r5fc»cc«flastis. xbo. 7«ra 
[o 1 3 i ] bmmmbsitt. y-bmme 5 <t^ 

£ a <t*y. S i Gea5 6*KftLr)BA£h&MUi 
«**SttT^SE«c«litSfc», SiGe3fitff»* 

<UI*fflC>*Ct3WJBF*l/^. U^X. S i^fPM 

[0132] -Ttttoft . **M0B«CC«4«j»3tt* F 3 

1 0©K*lr*Sn*V-X • F* 5 9 <L, F 40 

©A1V-X- KU>f>SS63i 4 SSS**OfflI-r^)/c 
abfl[>aBE%EPJp-rsyt«)©y- F^@6 5 £tc J; 

^nn^c ^it, c©«ifja*F-7>^^^*n - 

+ 7S:JBflES-&4cfc^Ccy- FMS6 5 

*c*EE*i=PflDU p-* + *^*»»*stF5>^** 

[0133] *SOfi»»w:«S«M©1*««. S i 50 
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Ge, C Y l{0^x^l, O^y^i) £#tr 
F4 r +^^*WrS»2(D*a9i*JB<!:. ±1EW1 . H2 

ear 3 cD^^B<De±cc^ ? n/cffiSH^^^ 
[ o 1 3 4 ] , ^mmBmcommh^ f 3 

n - ^ + *^«»«*ffl F ^ £ i Lrtfflt 

i - S il5 5ttS ii-x-T Ge x C y H 

(o^x^i, o^y^i) *-§t$m 1 <D¥SW*»r * 

9 (x = y = 0), SiGe^*;7?|5 2terJfl2£>¥ 
zSft»-C**K i-S Ge, ■5 6tt»3 0*» 

i-Sii57tti-S i s . f Ge„ 15 

r, m3<D3^»f*»r*S i - S it., Ge,JI5 6 CD 
BLbCCV-X- FU-f >n>#* FW®6 1 sWBJSRSti 

[0135] — *|Q&^H<D**a[M F e>>^X* 

iS^fCtt* i-Si,. M Ge, H5 6 RS i a _,_ v Ge 
, C T l(OSxSl, O^y^l) Sr^trm 1 

(y = o ) ±±bt t cm3<D¥m#mT$>t). 

i -S i»5 7t^2©^*»»'r*Sd:<b*>«C*3© 
¥a»f*B<fc 0 4>^*> F*> * ^©^*1^4©*«*JI 
V&^X. WZ3<D¥m#m-C<hZ i-Si,., Ge,l 
5 6<Dft±K:v-X • F'U-f FWJB6 13&SJB 

[0136] «_b<DJ: ^CC, *JB»»«rtt % A IV- 
X- FUY>m®6 3 t03>jfj' F^f OSfifllOfii 

p-^ + *iWBfi6«6E>S iB5 7i i -S i,., Ge, 
Jl 5 6(0^«rPWoiO^ a*> F+> tr^(D/h3l» 
i -S i Ge, JI5 6©iff±^CV-^ • FU^>3 

0, *iJB©**#JBT** i - S i 115 7(Di:±CCa 

[0137] S i m±<D S i 0 . , G e o . 3 ®<D± 

CCW«:flEfiS^/c« k £M (CCOm^A 1 ) ^r*m$^ 

^ e C©S i GeiS**JfflL/c3>^^ F«, Sf*OC 

snr <,> si/ y ^ >r Fa»*flac^cisffin=i > ^ ^ f j: 

0 t lflriStaffi^fiC^>^^ F**»6hS (IEEE Ele 
ctron Device Lettersl^vol .17, ^k).7, 1 996 pp36 
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[0138] C S i GelKV-^ • FU 

*HffiJBffiOJ:5tc. ^t^Mffl^S iGe 

x^i^^rflje^Hc-ra^^cc, s? feces i Geg 

[0139] fefeU #mffiBmiCtol,>X: y f/WX(D 

*ftJ£Wctt, mi£<DS iS&JbtC^UfeC 10 

Mos-f^v^^srScfc^tcur . sis® 

_LtC L/feMO S h ^ > ^ * * <b <OM 

[o 140] oaftc, ^^a^fficcffi&ttfftas h ^ > 

^*©«iS*ffi«:o^-CttWrS. HI 1 (a) - 
( e ) Ram 12 ( a ) ~ ( e ) tt, 010 {CtST«J? 

[OHi] if. an (ay tc^-rxgT, ^ * * 

j|/^©xt'^*^^;USEfiCc5fett^, SiSMSO^c 20 
-ftf>ffiA*frl^ NMOSh7>^$, PMOSh 
7>^^©Tillltft5p , J*^5 1n. SLC/n^xJl/ 
5 1 p4Mf5o 

[0142] &0C, ill ( b ) CCtSTX^T, S^_b 
CC x t: £ * > + ;W£g£fT 5 fl *C , S^CC RCA Sfej^ffi 

t©», «ffiQBWbBi*lfc*U fflESie^S/t^ 

jgja-r £ fe if^v't ^m&^n 5 o 30 

CO^ettBCCti, SiGe;^77«52, 8 
153, X^-t-I5 4, i- 

5 iJB5 5, i-Si,., Ge, 156, p-^-r*^ 
§68, i ~ S i IB 5 7^t*n5, fefeU Jl^T 
<T£fe£>CC, $F-?T15 3. X^-t-i5 4, n 
-?t*;H6 7SCFp 6 800^^88 

[0143] *a»ftJKDSEfij?ffiCCOl^r« % @f*y- 
X%»^MBEffi*a»V-^*fifflfSUHV-C 40 

E^(D#Sm^^-rJM^K^ ( 1 O" 10 TorrHS) CC 

6 % 1 0 " s - 1 0 " 6 TorriIS©*£«OCHig LfettBt 

[o 144] -ecr\ **njg»«:*ji»rfe, ±5$<d£D; 
Sec J: 0 S«CC?«»&*ffl«r^SRUfea. KaSSrt© 
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